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Chapter 1 Introduction 1.1 Overview of the Programs

1.1 Overview of the POISSON/SUPERFISH Programs

The POISSON/SUPERFISH Group Codes are a set of programs written by Ronald Holsinger,
with theoretical assistance from Klaus Halbach, to solve two distinct problems—the calculation
of magnetostatic and electrostatic fields, and the computation cf the resonant frequencies and
fields in radio-frequency cavities—in a two-dimensional Cartesian or three-dimensional cylindrical
geometry. Theae codes are widely used for the design of magnets and radio frequency cavities.

These codes are grouped together since they utilize common programs as well as common sub-
routines. The initial setup of either a magnet or a cavity problem uses two common programs,
AUTOMESH and LATTICE, to generate the mesh for the given input geometry. The program
TEKPLOT provides graphical output for either of the two problems.

When the mesh has been generated and the appropriate materials and boundary conditions have
been s} ecified, the finite difference equations are set up and solved by one of the equation-solving
programs. For magnet problems, these programs are TANDIRA, POISSON and/or MIRT; for
cavity problems, the programs are SUPERFISH and SFO1.

The programs POISSON and PANDIRA solve elcctrostatic and magnetostatic problems. PAIIDIRA
also solves permanent magnet problems. The program POISSON solves the discretized problem

by the traditional “successive point over-relaxation” (SPOR) method which is very efficient for
problems that converge rajidly with this method. However, it is well known tl.at many intcrest-

ing problems converge slowly or not at all with SPOR. In those cases, the program PANDIRA
should be used.

The program PANDIRA solves by a “direct” muthod and iteration is required only for nonlinear
problems. The fact that the mesh is topologically regular means that the «»efficient matrix of
the finite difference equations has an identical structure for any problem. Iiccause this structure
is always the same, a very efficient sparse matrix method is used to solve thesn systems, which
typically contain many thousands of equations.

The program SUPERFISH usea this direct golution method for the eigenvalue problem to deter-
mine tho resonant frequencies in standing-wave radio-frequency cavities.

A list of all the programs and their fun:tions in the POISSON/SUPERFISH Group Codes in
given in Sec. 1.5. The individual programs are described in detail under their chapter listing.

12



Chapter 1 Introduction 1.2 Structure of the Manual

1.2 Structure of the Manual

Since this manual is 8 user’s guide for the POISSON/SUPERFISH programs, the material cov-
ered is primarily information that is relevant for the execution of the programs. The user is ad-
vised to consult the POISSON/SUPERFISH Reference Manual for information on the theoretical
derivations, numerical methods, and an in-depth explanation of the programs.

All the chapters and sections of this manual are largely self-contained; any outside information
that is required is clearly indicatec by a reference to the necessary section. The user does not
have to read the complcte chapter; the sections could be skimmed and the subsections that are
relevant to the problem should be read.

Chapter 1, the introduction, provides an overview of what the programs do and how they in-
teract and work together. Each of the following chapters describes one¢ of the programs in the
group. These chapters are structured in the same manner: they begin with a general introduc-
tion followed by sections. Each section gives a general overview of the topic, with detailed infor-
mation discussed in the subsections that follow.

We suggest that a new user begin by reading Chapter 1, following the step-by-step instru-tions
for the execution of the example in Sec. 1.3 or Sec. 1.4. Then, for each chapter, the user should
read both the introduction and the input section, then skip to the examples at the end of the
chapter. At that point, the user may refer to sections which are of interest or pertinent to the
problem.

Additional examples are given in Chapter 10. The examples there utilize different options to ii-
lustrate the great variety of problems that can be solved by these programs.

1.3 POISSON Example—H-Shaped Dipole Magnet

In this section, we use a sunple examble to illustrate the use of the POISSON Group Codes in
the solution of a magnet problem. We are intorested in celculating the magnetic ield distribu-
tion of a long dipole magnet as used in circular particle accelerators. Because the dipole is long,
the calculation of the field far from the ends of the magnet i essentially a two dimensional prob-
lem and thus solvable with the POISSON programa. Figure 1 1 shown the vertical croas scction
picture of this H-shaped magnet.

A step-by-step solution of the H-magnet problem is outlined in the subsections below. In order
to avoid the use of unfamiliar POISSON terminology at this stage, only brief explanations of tho
procedures are given. A complete detailed description of the 1l-magnet problem is given in aubse-
quent chaptere.

13



Chapter 1 Introduction 1.3 POISSON Example

Iron !
Coil [ J Coil
Coll ( ] Coil

Iron

Fig. 1-1: A virtlcal cross seztion of an H-shaped dipole magnet showing iron, coil, and air regions.

The terminal output for the execution of the programs on a CRAY computer is also listed. The
user only types the underlined quantities; the other text is generated by the executable program.

1.3.1 Executing AUTOMESH

The execution of AUTOMTSH requires an input file in the format shown below. A successful
AUTOMESH run generates an output file, TAPE73, which is the input file for LATTICE.

Because of symmetry options available in the POISSON programs, we only need to input the
upner right-hand quadrant of Fig. 1-1. Below is a listing of this input file, HMAG, correspond-
ing to the gecometric configuration on the right. A complete, line-by-line, description of HIMAG
is given in Sec. 2.5, Hore we indicate that the input file uses two Fortran NAMELIST entries:
$REG-used to input region parameters and $PO- used to input the physical contdinates of the
region.
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Chapter 1 Introduction 1.3 POISSON Example

HMAG, Input File for AUTOMESH:

h-magnet test, uniform mesh 4/23/86

$reg nreg=3,dx=.45,xmax=22. ,ymax=13. ,npoint=5¢
$po x= 0.0, y= 0.08
$po x=22.0, y= 0.08
$po x=22.0, y=13.08
$po x= 0.0, y=13.08
$po x= 0.0, y= 0.08
$reg mat=2,npoint=10% Reglon 2
$po x= 0.0, y= 2.08 irou
8po x= 5.1, y= 2.08
$po x= 6.5, y= 2.48 y(cmn) (5.5, 6) (15., 8)
$po x= 5.5, y= 6.08 t S
8po x=15.0, y= 6.08
$po x=16.0, y= 0.0%
$po x=22.0, y= 0.08
$po x=22.0, y=13.08 (0., 2.)%] Region 3
$po x= 0.0, y=13.08 Regica 1 Alr coil
$po x= 0.0, y= 2.08
$reg m =1, npoint=6,
cur=-26466.791%

$po x= 6.0, y= 0.08
8po x=14.6, y= 0.08
$po x=14.5, y= 6.58
$po x= 6.0, y= 5.58
$po x= 6.0, y= 0.08

(0."13) (22., 13.)

| 4 A J
(6., 5.5) (14.5, 6.5)

& A ' ¥ 3 &
(0.,0.) (6.,0.) x(am) (14.5,0.)(15.0.) (22..0.)

Following the listing of HMAG is the execution listing of AUTOMESH using this file.

automesh

Ttype input file name
? hmag
regionno 1
ok
reglonno 2
ok
regionnv. 3
ok
step
automesh ctss time .380 wseconds
cpu= .120 i/0~ 218 mem= 0.41

all done
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Chapter 1 Introductior 1.3 POISSON Example

1.3.2 Executing LATTICE

The execution of LATTICE with the input file, TAPE73, is shown below. There are no changes
to the default values (this is designated by typing g).

lattice

7type input file name

? tape?d

beginning of lattice execution

dump O will be set up for poissen
h-magnet test, uniform mesh 4/23/85
7type input values for con(?)

Ts

elapsed time = 0.4 sec.

Oiteration converged

elapsed time = 0.7 sec.

generation completed

dump number O has been writter on tapedt.

stop

lastice ctss time 1.006 seconds
cpu= .600 i/o=  .335 mem= 0.70
all done

1.3.3 Executing TEKPLOT after LATTICE

After execution of LATTICE, we execute TEKPLOT to verify that cur input and the generated
mesh ia correct. We make two passes through TEKPLOT: the first go plots on the screen the
input geometry as shown in Fig. 1-2; the second go plots the mesh with the geometry as shown
in Fig. 1-3. To exit from TEKPLOT, we need to type -1 s as given below.

iskplot

7type input data- npum, itri, nphi, inap, neswxy,

)

input data

num= 0 itri~ O nphi= 0 inap= 0 nswxy= 0

plotting prob. name = h-magnnt teet, uniform mesh 4/23/86 cycle = 0
Ttype input data- xmin, xmax, ymin, ymax,

Te

input data

xmin= 0,000 xmax= 22.000 ymin= 0.000 ymax= 13.000

Ttype gn or no

7 g2

1-6



Chapter 1 Introduction 1.3 POISSON Example

A carriage return (CR) after go clears the screen and plots Fig. 1-2. A second CR clears the plot
off the screen and continues execution.

type input data- pum, itri, nphi, inap, nswxy.

T01s

input data

pum= 0 itri=1 nphi=O0 inap=0 newxy= O

plotting prob. name = h-magnet test, uniform mesh 4/23/86 cycle = 0
type input data- xmin, xmax, ymin, ymax

74

input data

xmin= 0.0000 xmax= 22.000 ymin= 0.0000 ymax= 13.000

? type go or no

? g2

A CR after go clears the screen and plots Fig. 1-3. A second CR clears the screen again and
continues with execution. A negative value for the variable NUM terminates execution.

‘?type input data- num, itri, nphi, ipap. nswxy,
= |
cpu= .031 1/0=  .631 mem= .063

all dene
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.. 1 %X I N ] aaine 9

Fig. 1-2: Plot from TEKPLOT of the magnet geometry. This is a verification of the input data te
AUTOMESH for the problem “h-magnet test, uniform mesh 4/23/85."

AVAYAYAVAYAYAPAVAYAYAYAYAYAYAYAYAVAVAVA Y,
£Va%a". aY,

AN NININA N
':"'"

P -agugs GN0, WMite emlh IV wsle® 0

Fig. 1--3: Plot from TEKPLOT of the mesh generated by LATTICE for the problem “h-magnet test,
uniform mesh 4/23/85."
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1.3.4 Executing POISGON

Since the mesh plot output from TEKPLOT looks good, we proceed to execute POISSON. We
choose, by typing tty, to input data from the terminal. We then enter:

0 - toread dump 0 on TAPE35 generated by LATTICE
604466 - tochange two of the CON array variables, CON(6) and CON(486),
specifying use of u = finite with use of internal B? vs, 4 and
specifying a symmetrical H-magnet, respectively.
-1 -~ o terminate POISSON as shown below.

type "tty" or input file name

T Lty

?type input value for dump num

70

beginning of poisson execution from dump number 0
prob. name = h-magnet test, uniform mesh 4/23/85
7type input values for con(?)

*»60*466 8
elapsed time = 1.0 sec

0 cycle amin amax residual-air eta-air rhoair xjfact

grax residual-iron eta-iron rhofe
o 0 0.0000e+00 0.00000+00 1.0000e+00 1.0000 1.0000 1.000

4.0000e-03 1.0000e+00 1.0000 1.0000
0 b0 rhoalr optimized 0.9903 1.9668 lambda = 9.9976e-01
0 5O ~4.7206e+04 0.0000e+00 5.7349e-02 0.9903 1.9658 1.0000

3.9026e-03 3.4407e-02 1.0039 1.0000
0 100 rhoair optimized 0.9717 1.9578 lambda = 9.9978e-01
0 100 -1.0012e¢+06 0.0000e+00 2.5360e-02 0.9717 1.9678 1.0000

2.0634e-02 2.0906e-02 0.9834 1.0000
0 200 rhoair optimized 0.8960 1.9478 lambda = 1.0003e+00
0 200 -1.1968e+06 0.00008+00 1.8887e-04 0.8960 1.9478 1.0000

4.63620-02 7.9336e-05 0.8900 1.0000
0 370 =1.1939e+056 0.0000e+00 3.7301e-07 0.9367 1.9478 1.0000

4.6392¢-02 1.6136e-07 0.9328 1.0006

solution converged in 370 iterationse
elapsed time = 3.8 sec.

Jdump number 1 has been written on tape3b
Ttype input value for dump num

T

stop

poisson ctes time 4.427 seconds

cpu= 2.831 1i/o~ 1/081 mem= .514

all done

1-9



Chapter 1 Introduction 1.3 POISSON Example

In addition to the output of a binary file, dump 1 of TAPE35, PCISSON generates an ASCII
output file, OUTPOI. All of the group codes produce a similar output file; the namne is formed by
“OUT” followed by the first three letters of the program generatizg the file. That is, AUTOMESH
generates OUTAUT, LATTICE generates OUTLAT, etc.

The file OUTPOI contaias a summary of input duta, a listing of iteration variables as printed
at the terminal, and a table listing the calculated field components and their gradients on axis
(y=0) for noniron regions only. This table, lines 188--228 of OUTPOI, is shown in Fig. 1-4.
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sulution converged in 370 iterations
elapsed time =
dump number 1 has been written on tapeds.

least squares edit of problem , cycle

'h' mag symmetry typc

stored energy =

xjfact= 1.000000

[ - T TR B - N R N7 I S i o

[2 L S R A I N N I S N S O S o R R R
& L W = O O S N O O s L W~ O O &9 0 O s L0 W - D

a(vector)

0.600000¢ 400
-€.829781¢+03
-1,3656822¢+04
=3.0483068e+04
=2.730348e 404
~3.411342¢+04
~4.090583¢e+04
-4.7660607e+04
-5.437198e+04
«6.007737e+04
«6.74120ie+404
-7.35833ie+04
-7.938901¢+04
-8.057337e+04
-0.114731¢ +04
«9.518656¢+04
-9.8731101e+04
«1.017932¢+06
«1.044947¢+05
-1.068700¢+06
-1.080033e+ 08
-1.1080569¢ + 06
=1.124277¢+06
=1.138487¢+056
-1.1508580e 400
«1.161406e 406
~1.170530e 406
=1,178000e 405
~1,1839000e 408
-1.1838582¢ 405
=1.191702e 400
«1,103473e+408
-1.193880e +08
1936760408

>

4.2 sec.

x
0.00000
0.44898
0.89798
1.34694
1.79892
2.24490
2.60388
3.14286
3.50184
4.040832
4.48980
4.03878
5.38776
6.00000
6.44737
0.80474
7.34311
T.78047
8.23684
8.684721
0.13158
0.57806
10.05032
10.47308
10.92108
11.36842
11.81879
12.20316
12.71083
13.15789
13.600626
14.05263
14.60000
156.00000

370

4
0.00000
0.00000
0.00000
0.06000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

1.4249¢+03 joules / meter or radian

bx(gauss) by(zauss)

0.000
0.000
0.000
0.000
0.000
0.0co
0.00n
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

153132.280
15210.825
15206.195
15197.086
15180.665
151581.761
15100.434
18008.404
14843.504
14854.675
14077.744
13369.124
12435.718
10893.018
9613.008
8416.533
7384.6832
6430.740
5655.307
4978.823
4387.5932
3804.280
3393.820
2004.560
2567.3460
2106.081
1842.181
15604.2580
1177.824
860,007
548.874
243.2480
-89.749
-60.019

bt(gauss)
15212.250
15210.825
15206.196
15197.066
15180.605
15151.761
16100.4u4
15008.404
14843.504
14554.875
14077.744
13369.124
12435.718
10893.018
9613.008
8416.833
7384.5832
6439.740
8655.367
4978.823
4387.593
3864.280
3303.830
2904.5650
25067.340
2108.081
1842.181
1504.206
1177.824
860.007
548.874
243.240
80.7490
60.019

1.3 POISSON Example

dby/dy
(gauss/cm)
0.0000e+00
0.0007e+00
0.0000e+00
0.0000¢+00
0.0000e+00
0.0000e--00
0.0000e+00
0.0000e+00
0.0000¢4-00
0.0000e+00
0.0000e+00
0.0000e+-00
0.0000e+00
€.0000e+00
0.0000e+400
0.0000e+00
0.00C0e+00
0.0000e+00
0.0000e+00
0.0000e+400
0.0000¢+00
0.0000e+00
0.0000e+00
0.0000e+N0
0.0000e 4+ 00
0.0000e 400
0.0000e+00
0.0000¢ 400
0.0000e 400
0.0000e+00
0,0000e 400
0.0000¢ 4 00
0.0000e 400
0.0000e + 00

dby/dx

(gauss/cm)

0.0000e+00
-6.4635¢+00
=1.4658e+01
«2.7097e+01
«4.7887e401
«8,4536e+01
-1.5084¢+02
+2.7096e+032
«4,82367¢ {02
-8.2900¢+03
-1,31690e+03
-1.8877e+403
-3.1782¢+03
-2.8888¢+03
~2.8434e+03
«2.5€22¢403
«2,2160¢+403
«1.8067e+0C3
+1.6278e+03
«1.4113¢+03
«1.2403e+403
«1,10658e+403
«1,0022¢403
«9.2000e +03
-8.5778e+03
«8.0808¢+02
-7.7002¢+ 02
«T.4130¢+032
-7.1882¢+402
«7.0102e402
-0.8034e+403
-0.T884e+402
-0.6700¢.4+02

0.0000¢ 4+ 00

aflt
5.3e.04
«3.3¢-03
3.7e.03
5.5e-03
6.5¢-03
7.8e.03
9.3¢-03
1.1e-02
2.4e-02
1.1e-01
5.1e-01
1.8¢+00
«7.6e+0C
6.Te+00
1.8e+01
5.1e+00
1.9¢+00
9.3e-01
5.0e-01
2.8¢-01
1.6e-01
9.6¢-02
5.0e-02
3.0e-02
1.3¢-02
0.0¢-04
+0.5¢-03
-2.0e-03
«3.4¢.02
«5.7¢.02
-0.Te-03
«3.4e.01
«1.0e400
«1.0e400

Fig. 1-4: A section from the fille OUTPOI generated by POISSON for the H-shaped magnet problem

4/33/85, cycle = 370,
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1.3.5 Executing TEKPLOT after POISSON

After a successful execution of POISSON, we execute TEKPLOT again. This time we designate
dump 1 of TAPE73 and 20 field lines to generate Fig. 1-5.

iekplot

7type input data- num, itri, nphi, inap, nswxy,
710208

input duta

num= 1  itri= O nphi=20 ipap« O nswxy=0
plotting prob. name = h-magnet test, uniform mesh 4/23/86 cycle = 370
7type input data- xmin, xmax, ymin, ymax,

Te

input data

xmin= 0.000 xmax= 22.000 ymin= 0.000 ymax= 13.00¢
?type go or ro

? g

A CR after go clears the screen and plots Fig. 1-5. A second CR clears the screen and produces
the prompt line. A negative value for the variable NUM terminates execution.

Ttype input data- num, itri, nphi, inap, nswxy,
T -lse

tekplot ctes time .561 seconds

cpu~ .037 1/n= .430 mem= ,044

all done
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A

"o umpd k. whifere angd VD e s IR

Fig. 1-6: Plot from TEKPLOT of the magnetic field lines generated by POISSON for the problem
“h-magnet test, uniform mesh 4/23/86".

1.4 SUPERFISH Example—Modified Pillt:ox Cavity

In this section, we use a sirmple example to illuswrate the use of the SUPERFISH Codes to find
the lowest frequ=ncy in a cavity. The atructuire that we consider is a pillbox cavity with beam
pipes entering and exiting the sides, as shown in Fig. !-6.

A step-by-step solution of this problem is outlined in the subsections below. In order to avoid
the use of undefined SUPERFISH terminology at this atage, only brief explanations of the pro-
cedurea are given. A complete detailed description of a SUPERFISH problein is given in subse-
quent. chapters,

The terminal output for the execution of the programs on a CRAY computer is also listed. The
user only types the underlined quantities; the other text. is gencrated by the executable program.

1.4.1 Executing AUTOMESH

The execution of AUTOMESH requires an input file in the format shown below, A successful
AUTOMESH run generates an output file, ‘'APE73, which ia the input file for LATTICE.

Taking into account the syminetry of the problem, we need only input a quarter of the geornetry

in cylindrical coordinates- -the default coordinate systemn for SUPERFISH. Below is a listing of
this input file, MODPIL, correaponding to the geometric configuration on the right. The picture
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Fig. 1-6: Modifled pillbox cavity.

of the full cavity as given in Fig. 1-8, can be visualized by first reflecting the figure through the
r-axis and then rotating it around the z-axis.

MODPIL, Input File for AUTOMESII:
(0.0, 6.0)

1 modified pillbox cavity 9/16/86 M 4(2.6, 5.0)

$reg nreg=1,dx=.25,xmax=7.5,

ymax=5.0,npoint=7 ,ndrive=14

$po x= 0.0, y= 0.08

$po x= 0.0, y= 5.08

$pc x= 2.6, y= 65.08

$po x= 2.5, y= 2.08

$pox=T7.5, y= 2.08 r (em) (7.6, 2.0)
¥po x= 7.5, y= 0.08 v
$po x» 0.0, y= 0.08 (2.5.2.0) » 1
$reg npoint~1§
$po x~ 0.0, y= 5.08 Ragion 1 Air

(7.6, 0.0)

v
(0.0, 0.0) 7 (cm)



Chapter 1 Introduction 1.4 SUPERFISH Example

A detailed description of an input file to AUTOMESH is given in Chapter 2. Here we indicate
that the input file uses two Fortran NAMELIST entries: REG - used to input region parame-
ters, and PO - used to input the physical coordinates of the region. NAMELIST input starts in
column 2.

Specifically, MODPIL has a title line with entry starting in column 1 indicating a SUPERFISH
run, a first REG entry for an air region followed by PO entries specifying the coordinates of this
region with all (x, y) entries corresponding to (z, r) entries, and a second REG entry followed by
one PO entry indicating a drive point region.

The execution listing of AUTOMESH using the input file MODPIL is given below.

autonesh

?type input file name
? modpil

region no. 1
logical bvundary segment end points

iseg kb 1b kd 14 ke le
1 1 1 o 1 1 24
2 I 24 1 (¢] 11 24
3 11 24 o -1 11 10
4 11 10 1 o] 31 10
6 31 10 o -1 31 1
(] 31 1 -1 o 1 1

region no. 2

ok

stop

automesh ctaes time . 343 seconds

cpu= .09 i/o0= .228 mem= 0.67
all done

1.4.2 Executing LATTICE

The execution of LATTICE using the input fila, TATE73, is shown below. All the default val-
uos including the boundary conditions, which specify perfectly conducting metal for npper- and
right-hand boundaries and axis of symmetry for bottom - and left-hand boundaries, are correct
for our problem. Therefore, we type g (meaning skip) to designate no changes in the input.
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lattice

7type input file pame

7 tape73

beginning of lattice execution
dump O will be set up for superfis
imodified pillbox cavity 9/16/86
?type input values for con(?)

78

elapsed time = 0.3 sec.

0 iteration converged

elapsed time = 0.3 sec.

generation completed

dump number O has been written on tape3b.

stop

lattice ctss time .532 seconds
cpu= .137 i/o=  .308 mem= 0.087
all done

1.4.3 Executing TEKPLOT after LATTICE

After execution of LATTICE, we executs TEKFLOT to verify that our input and the generated
mesh is correct. We make two passes through TEKPLOT: the first go plots on the screen the

input geometry as shown in Fig. 1-7; the secnrnd go plots the mesh with the gecometry as shown
in Fig. 1-8,

tekplot

?type input data- num, itri, nphi, inap, nswxy,

Ta

input data

num= 0 itri=0 nphi= 0 inap= 0 nswxy= O
plotting prob. name = modified pillbox cavity 9/16/86
cycle = 0

Ttype input data- xmin, xmax, ymin, ymax,

Tsa

input data

xmin= 0.000 xmax= 7.500 ymin= 0.000 ymax= 65.000
Ttype go or no

7 ge

A carringe return (CR) after gg clears the acroen and plots Fig. 1 7. The second CR clears the
screen and generates ihe prompt line:

type input data- num, itri, nphi, inap, newxy,
LW |
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input data
num=0 itri=1 nphi= 0 inap=0 nswxy=0
plotting prob. name = modified pillbox cavity 9/16/86

cycle =0
type input data- xmin, xmax, ymin, ymax,
Te
input data

xmin= 0.000 xmax=7.600 ymin=0.000 ymax=5.000
? type go or no

? &

A CR after gg clears the screen and plots Fig. 1-8. A second CR clears the screen and generates
the prompt line. A negative value for the variable NUM terminates execution.

7type input data- num, itri, nphi, inap, nawxy,

RV |

tekplot ctss time 1.186 seconds

cpu= 106 i/o=  .989 mem= .093
all done
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1.4 SUPERFISH Example

pre’). ~sodified pillbon cavity ViG/88

freq =

Fig. 1-7: Plot from TEKPLOT of the cavity geometry. This is a verification of the input data for the
problem “modified plllbox cavity 9/16/86."

)

prob. = and(f 1o pliibos cavity 071088

cavity 9/16/86."

lp- -
Fig. 1-8: Plot from TEKPIOT of the mesh generated by LATTICE for the problem *modified plllbox

18
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1.4.4 Executing SUPERFISH

Since the mesh plot output from TEKPLOT lcoks good, we proceed to execute SUPERFISH
(named FISH). We choose, by typing tty, to input data from the ‘erminal. We then enter:
0 - ‘toread dump O on TAPE35 generated by LATTICE
+652300. 8~ to input into CON(65) the starting value for the frequency.
(Any lower value would do, except the run needs more iterations to
converge.)
-1 - toendthe r.

In the output reproduced below, tiie results of the second iteration cycle have been omitted for
the sake of brevity.

iish
Ttype "tty" or input file name
ity

?type input value for dump num

To

beginning of superfish execution from dump number O
prob. name = modified pillbox cavity 9/16/88

?type input values for con(?)

OQE ":!!!!:_ l
elapsed time = 0.6 sec.
cycle hmin hmax residual

0 0.0000s+00 0.0000e+70 1.000e+00

kee2 = 2,.3237e-01
freq = 2.3000¢+03
solution time = 4.6519 mec.
1 0.0000e+00 9.6312e¢-01 1.000e+00
kfix = 1 1fix = 24 deltal = 7.7380e-02 di(k+**2)= 1.93050-02

_________________________________________________________________

the following improvement
using slope = -1 formula with rlx =0 500

del k**2 = 90.6623¢-03 k**2 = 2,4202¢-01
fraq = 2.3473e+03
solution time ~ 3.825 sec.
3 0.0000e+00 1.1131¢+00 1.000e+00
kfix= 1 1fix=24 deltai = -4 .2998e-05 ¢l(k#*2)= 7.4418e-06

deltal(k++2) di(ke»2)
1at deriv, ~5.3643¢+00 -1.08159+00
and deriv, -2.7848e¢01 6.2188¢+00
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the following improvement
using three point parabola formula

del k**2 = -7.4290e-06 k**2 = 2,48432-01
freq = 2.3782e+03
solation converged in 3 iterations
elapsed time = 12.9 sec.
dump number 1 bas been written.
Ttype input value for dump num

7

stop

fish ctss time 14.443 seconds

cpu= . 850 i/0= 8.7566 menm= 4.836
all done

In addition to the output of a binary file, dump 1 of TAPE35, SUPERFISH generates an ASCII
output file, OUTFIS. All the group codes produce a similar output file; the name is formed by
“OUT” followed by the first three letters of the program generating the file. That is, AUTOMESH
generates OUTAUT, LATTICE generates OUTLAT, etc. Any cf these ASCII files may Le printed
or examined with an editor.

Using dump 1 of TAPE35, the program SFO1 can be executed to calculate auxiliary quantities.
Chapter 7 gives details.

1.4.5 Executing TEKPLOT after SUPERFISH

After a successful execution of SUPERFISH, we execute TEKPLOT again. This time we desig-
nate dump 1 of TAPE35 as the input file and request 30 field lines, as shown below, to generate
Fig. 1-9. From the field pattern shown in the figure, it is seen that we have calculated the d-
sired TMy,y mode.

sekplot

7type input data- num, itri, nphi, inap, nswxy,

7103089

input data

num= 1 itri~ O nphi= 30 inap= O nawxy= 0

plotting prob. name = modified pillbox cavity 6/16/86 cycle=3

Ttype input data xmin, xmax, ymin, ymax,

Ta

input data

xmin= 0,000 xmax~ 7.500 ymin= 0.000 ymax= 6.000

Ttype go or no

L L]

A CR after go cloars the screen and plots Fig. 1-9. A second CR clears the screen und generates
the prompt line. A negative value for the variable NUM terminates execution.
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7type input data- nua, itri, nphi, inap, newxy,
T -le

tekplot ctus time 1.093 seconds

cpu= .209 i/o= .B07 mem= .077

all done

prob. = aodified plilbon cavity 0/10/08 froq » 207%. 104

Fig. 1-9: Plot from TEKPLOT of electric field lines (rHy := const) for TM,,, mode.
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1.5 List of the Programs and Their Functions

1. AUTOMESH - prepares the input for LATTICE from geometrical data describing the prob-
lem; that is, it assigns mesh points and generates (x, y) coordinate data for straight lines,
arcs of circles, and segments of hyperp»las.

2. LATTICE - generates an irregular triangular mesh (physical mesh) from input data listing
the mesh points and the physical coordinates describing the problem, calculates the “point
current” term at each mesh point in regions with distributed current density, and sets up
mesh point relaxation order. [LATTICE writes the information needed to solve the problem
using the codes POISSON, PANDIRA, MIRT or SUPERFISH.

3. POISSON - solves, by “successive point over-relaxation,” Poisson’s (or Laplace’s) equation
for the vector (scalar) potential with nonlinear isotropic iron (dielectric) and electric current
(charge) distributions for two-dimensional Cartesian or three-dimensional cylindrical sym-
metry. It calculates the derivatives of the potential, namely, the fields and their gradients,
calculates the stored energy, and performs harmonic (rmultipole) analysis of the potential.

d¢. PANDIRA - Is similar to POISSON except it solves the system equations by a “direct” meihod,
i.e., a direct solution of the block tridiagonal system of difference equations. PANDIRA al-
lows anisotropic materials and B(H) in the second quadrant (negative u). With this pro-
gram, permanent magnet and residual field problems may be solved.

5. TEKPLOT - Plots the physical geometry and meshes generated by LATTICE, and equipo-
tential (or field lines) from the output of POISSON, PANDIRA, MIRT, (or SUPERFISH).

6. FORCE - calculates forces and torques on coils and iron regions from POISSON or PANDIRA
solutions for the potential.

7. MIRT - optimizes magnet profiles, coil shapes, and current densities based on a field specifi-
cation defined by the user.

8. SUPERFISH - solves for the TM and TE resonant frequencies and field distributions in an
rf cavity with two-dimensional cartesian or three-dimensional cylindrical symmetry. Only the
azimuthally symmetric modes are found for cylindrically symmetric cavitics. The modes are
found one at a time., SUPERFISH also solves for cutoff frequencies and mode patterns of TE
and TM waveguide modes.

9. SFO1 - calculates auxiliary quantities useful in the design of cavities from the output of SU-
PERFISH. These quantities include stored energy, power dissipation on the walls und tube
stems, transit time factors, shunt resistance, the quality factor Q, and the maximum ele:tric
field on the boundary.
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1.6 Physical Units Used in the Programs

1.6.1 Units in AUTOMESH, LATTICE, POISSON, PANDIRA, and MIRT

charge - coulomb
current — amperes
derivatives of B - gaw.ss/cm
electric field E - volts/em
field H - oersted
force - amp-—cm-gauss = 10~ ® newtons
induction B ~ gauss
4o - .4x gauss-cm/amp
length — centimeters or user-defined
by CONV in TABLE 2-1 or by CON(9) in TABLE 3-1
scalar potential V.~ volts
stored energy - Joules/meter (Cartesian)

- Joules/radian (cylindrical)
vector potential A -~ gauss-cm

1.6.2 Constants and Units in SUPERFISH

electric field ~  volts/meter and mega-volt/meter normalized so that:
Jf E, dz/ L= 1 mega-volt/meter
where: E, = electric field on axis

L = length of cavity
frequency - megahertz

magnetic field, Ho amp/meter
1.7.10~° ohm-cm

2.997925 - 10'° cm/sec

resistivity of Cu

velocity of light, ¢
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- ;' o i
@:’ AUTOMESH —{LATTICE r————-) TEKPLOT
mesh and geometry plots
POISSON PANDIRA SUPERFISH
FORCE MIRT SIFO1
TEKPLOT

field, mesh, and
geometry plots

Fig. 1-10: Execution Order of the POISSON/SUPERFISH Programs
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2.1 The Job AUTOMESH Performs

AUTOMESH and LATTICE are the mesh generating programs in the POISSON/SUPERFISH
Group Codes and are executed prior to any of the other programs. AUTOMESH generates

the input to LATTICE, reducing and simplifying the user’s work. Basically, the input to
AUTOMESH specifies the:

e problem title

¢ mesh size and description of the regions that define the problem

o lists of coordinates defining the boundary of each region and the type
of line that connects each pair of coordinates to the prior pair.

AUTOMESH locates the path in the mesh geometry that most accurately describes tke
given boundary. This is the data, required by LATTICE, which AUTOMESH writes to the
output file TAPE73.

2.2 Input to AUTOMESH

Most of the input data to AUTOMESH is read by the Fortran NAMELIST routine. For a
full description of this routine, consult a Fortran manual.

NAMELIST, as used in AUTOMESH, is entered in the following format:

1. A blank in column 1.

2. A $ to delineate the baginning of the NAMELIST entry.

3. A name for this NAMELIST ent1y, either RCG or PO.

4. A list, in any order, of the group variables equated to input constants
and separated by commas.

5. A $ to delineate the ending of the NAMELIST entry.

An example of a REG NAMELIST entry, beginning in column 2:

$ REG NREG = 2, DX = .6, XMAX = 20,
YMAX = 30, NPOINT =5 §

The input to AUTOMESH consist<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>